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A Permanent Standard of Neutron Intensity 


The National Bureau of Standards has recently 
developed a primary neutron standard that makes it 
possible for all laboratories to measure neutron 
radiation intensities in terms of a common reference 
value. The neutron standard consists of a_ solid 
beryllium sphere, 4 centimeters in diameter, enclos- 
ing at its geometrical center a capsule of radium. 
The capsule is made of platinum-iridium closely fitted 
to a gram of radium bromide compressed to maximum 
density. Neutrons are produced in the beryllium 
sphere by the action of gamma rays from the radium. 
Preliminary measurements indicate that the standard 
emits 1.1 million neutrons per second. The rate of 
neutron emission will change slowly as the radium 
decays, but this change is only about 0.04 percent a 
year and can be taken into account with sufficient 
accuracy. 

A duplicate standard has been prepared for loan to 
other research laboratories requiring standardization 
of their neutron measurements. The standard is now 


, ready for use, and any future revision in the neutron 


emission rate will result in only a small correction to 
any data based on the present provisional value. If, 
as has been suggested, the unit of neutron intensity is 
defined in terms of the new standard, it will then be 
possible to express measurements from different labora- 
tories in directly comparable units. 

The establishment of a national neutron standard 
has been made imperative by the increasing importance 
of neutrons as bombarding particles in physical and 
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biological research. Since neutrons are uncharged, 
particles (unit mass 1.66 X 10 grams), they can lose 
energy only by direct impact with nuclei. Fast neu- 
trons with energies from 100,000 to about 15 million 
volts can pass through large masses of matter with- 
out much absorption or energy loss, being similar in 
penetrating power to very high-energy X-rays. The 
absorption mechanisms are different, however. The 
absorption of neutrons increases in proportion to the 
concentration of nuclei in the absorber, whereas that 
of X-rays increases in proportion to the over-all density. 
Good neutron absorbers, such as water and paraffin, 
have a large concentration of hydrogen nuclei. 

The calibration of the permanent neutron standard 
was accomplished in the Bureau’s radioactivity labora- 
tory by placing the beryllium sphere in an extensive 
absorbing medium that captures practically all of the 
emitted neutrons. Boric acid was used as the absorber, 
in such a concentration that most of the neutrons were 
absorbed by boron rather than hydrogen. The source 
strength (the number of neutrons emitted per second) 
was measured by a mechanical integration scheme 
using indium and manganese foils as detectors of slow 
neutrons. The beryllium sphere and four foils were 
suspended in the tank of boric acid, while a syn- 
chronous-motor drive carried the foils radially outward 
from the source at a predetermined speed, taking either 
2 or 4 hours to travel 15 centimeters. 

The foil activity was measured at the end of each 
irradiation period. No detectable activity was ob- 
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The Bureau’s new primary neutron standard consists of 
a solid beryllium sphere, 4 centimeters in diameter, en- 
closing at its geometric center a capsule (left fore- 
ground) of radium bromide. Neutrons are produced in 
the beryllium sphere by the action of gamma rays from 
the radium. 


Calibration of the neutron standard was accomplished 
by placing the sphere in a boric acid solution, which cap- 
tures most of the neutrons. The number of neutrons 
emitted per second was determined by means of four 
indium and manganese foils suspended in the tank, and 
moved radially outward from the source. Foil activity 
was measured at the end of each radiation period. 
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number of neutrons emitted per second from the pri- 
mary standard was given by the average of the values 
for the indium and manganese foils. Calibration of 
the foils was accomplished in a fixed paraffin geometry 
in which uniform neutron flux was supplied by two 
quarter-gram radium-beryllium sources mounted on 
opposite sides of a boron trifluoride counter, so that 
the counter would detect the alpha particles emitted 
from boron under neutron bombardment. 


Radioactive Standards of Carbon 14: 


Carbon 14, a radioactive isotope of carbon, has made 
possible new isotopic tracer techniques in the study of 
animal and plant metabolisms, the polymerization of 
organic molecules, and many other complex organic 
processes. Since normal carbon 12 and radioactive 
carbon 14 are alike in their chemical behavior, it is 
possible to “tag” complicated organic molecules by 
incorporating radioactive carbon atoms into their 
structure. These tagged molecules may then be fol- 
lowed through the course of complex reactions. The 
usefulness of carbon 14 as a radioactive tracer was 
recognized soon after its discovery in 1940, but only 
recently have sufficiently sensitive methods appeared 
for the detection and measurement of its comparatively 
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weak beta radiation (carbon 14 emits no gamma rays, 
and its beta rays have a maximum energy of only 
154.000 electron volts). 

The development of adequate instrumentation and 
the availability of large amounts of carbon 14 through 
atomic-pile production have resulted in increasingly 
widespread use. The need for uniform measurement 
standards has become critical, and in recognition of 
this the National Bureau of Standards has prepared a 
series of standard ampoules of a sodium carbonate 
solution containing definite, known amounts of carbon 
14. These ampoules will serve as comparison stand- 
ards for the calibration of measuring instruments used 
in actual radioactive tracer work with carbon 14. 


The use of radioactive carbon 14 in tracer studies of ani- 
mal and plant metabolisms and other organic processes 
has produced a demand for uniform measurement stand- 
ards. The Bureau has therefore prepared a series of 
ampoules of sodium carbonate solution containing def- 
inite known amounts of carbon 14. 


The Bureau’s preparation of the carbon 14 standards 
has involved a carefully controlled chain of operations. 
A sample of barium carbonate, in which approximately 
4 percent of the carbon atoms were carbon 14, was pro- 
cured from the Oak Ridge National Laboratory and its 
ratio of carbon 12 to carbon 14 determined in a number 
of laboratories with the aid of the mass spectrometer. 
A weighed amount of the radioactive barium carbonate 
was converted to sodium carbonate in a vacuum by 
allowing the sample to react with perchloric acid and 
collecting the evolved carbon dioxide in a solution of 
sodium hydroxide. The standard ampoules were filled 
with a dilute solution of the enriched sodium carbonate 
whose disintegration rate was first carefully deter- 
mined. Carbon dioxide was liberated from the sodium 
carbonate solution in a vacuum by reaction with sul- 
furic acid, frozen in a liquid air trap, and then allowed 
to expand into an ionization chamber. The amount 
of ionization, which is proportional to the number 
of disintegrating atoms, was determined with the aid 
of a vibrating-reed electrometer. 

Another phase of the Bureau’s work on carbon 14 


has been a redetermination of its half-life. The usual 
method in which the time is measured for the activity 
of a radioactive sample to be reduced to one-half its 
original value can only be used for isotopes with rela- 
tively short half-lives. For long-lived carbon 14, the 
number of atoms in a given sample was determined with 
the aid of a mass spectrometer and the rate of disinte- 
gration found with a Geiger counter. From these two 
quantities a half-life of approximately 6,000 years has 
been established for carbon 14. 


A Photomicrometer for X-ray Diffraction 
Measurements 


In a crystalline material such as metal, the in- 
teratomic spacing is altered by the application of an 
external stress. Since this spacing can be measured by 
X-ray diffraction techniques, it is possible to determine 
the magnitude of the lattice strain. In connection with 


investigations in the field of X-ray strain measurements, 
John A. Bennett of this Bureau has developed a 
‘““photomicrometer’”? that has several advantages in 
measuring the diffraction patterns. This work follows 
the development, by the Bureau’s Metallurgy Division, 
of a more sensitive X-ray diffraction technique for the 
determination of strain in metals.’ 

The primary difficulty encountered in the X-ray 
measurement of stress or strain in metals is the lack 
of sensitivity. This is due to the small change in 
diameter of the diffraction ring with change in stress 
and to the diffuse nature of the ring, which makes pre- 
cise measurement of its diameter difficult. The prin- 
cipal requirement of an instrument for measuring the 
diffraction rings is, therefore, a high degree of accuracy. 
The Knorr-Albers microphotometer used in the earlier 
work was excellent in this regard. However, it has two 
disadvantages. First, its chart record is jagged, mak- 
ing it difficult to locate the maximum; and second, the 
time required to obtain measurements is excessive. 

1 For further technical details see, Instrument for measurement of X-ray 
diffraction patterns, by John A. Bennett, Rev. Sci. Instr. 20 (1949). 
2X-ray measurement of strain in metal, NBS Technical News Bulletin 32, 


113 (Oct. 1948); also, Calibration of X-ray measurements of strain, John A. 
Bennett and Herbert C. Vacher, J. Research NBS 40, 285 (1948) RP1874. 


With a calibrating ring, A, of known inside diameter 
recorded on the X-ray film, the radius of the diffraction 
ring, B, can be determined directly by measuring its 
distance from the inside of the calibrating ring. 
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Measurement of changes in the X-ray diffraction pattern of metals produced by changes in stress is facilitated by the 
photomicrometer. In operation, light from the source A is focused by condenser lenses onto a curved slit, B. The 
image of the slit, reduced 5 to 1 by the 24-millimeter microscope objective, C, is in_turn focused on the film in the 
holder, D, and the light that passes through the film is measured by photocell, E. Variations in the intensity of the 
source are compensated by cell, F, which receives its light through prism, G, and adjusting screen, H. Movement of 
the film holder is measured by dial indicator, K. 


In order to eliminate these disadvantages without 
decreasing the accuracy obtained on the micropho- 
tometer, the new instrument was designed for measur- 
ing the patterns directly. A calibrating ring of known 
inside diameter is recorded on the film immediately 
after the diffraction ring, and the radius of the diffrac- 
tion ring is determined by measuring its distance from 
the inside of the calibrating ring. 

The apparatus is essentially a densitometer with a 
dial indicator to measure movement of the film. A 
novel feature is a curved slit in the optical system so 
arranged that the light beam which scans the diffrac- 
tion ring is an are having the same radius of curvature 
as the ring. In this way the entire ring over an arc 
length of 15° is*automatically integrated to determine 
the point of maximum density. 

After passing through the film, the light is received 
on a barrier-layer-type photocell. This is connected 
in a compensating circuit with a galvanometer and a 
second cell illuminated by direct light from the source. 
Thus, fluctuations in the galvanometer reading due to 


changes in the intensity of the source are eliminated. 
A fairly sharp maximum in the galvanometer reading 
is observed when the diffraction ring on a typical pat- 
tern is scanned, so that the results can be reproduced 
within 0.01 to 0.02 millimeters. 

In operation the film carriage is moved until the 
maximum density of the diffraction ring is located and 
the reading of the dial indicator recorded. ‘The car- 
riage is then shifted until the light beam is positioned 
on the inside edge of the calibrating ring; the indicator 
reading is again noted. The difference between these 
readings and the known radius of the calibrating ring 
gives the radius of the diffraction ring. 

A comparison of measurements from the Bureau’s 
instrument with those obtained from conventional mi- 
crophotometer records showed both results to be nearly 
identical in actual magnitude of the average pattern 
radius as well as in precision (indicated by the scatter 
of individual readings). Use of the new instrument | 
over a period of several months has saved about 25 per- 
cent of the total time, or 15 to 20 minutes per pattern. 


Radioactive Tracers Used to Study Plating Process 


A better understanding of the mechanism of elec- 
trodeposition in chromium plating has resulted from 
recent studies * by Fielding Ogburn and Abner Brenner 
of the Bureau’s electrodeposition laboratory, using 
radioactive tracer techniques. By tagging either the 
trivalent or the hexavalent chromium ion in a chromic 
acid plating bath with radioactive chromium 51, it 
was conclusively shown that metallic chromium, is 
deposited out of the bath from the hexavalent state 
rather than from the trivalent state, as had previously 
been suggested. In addition to solving a long-stand- 
ing problem in electrochemistry, the Bureau’s work 
has demonstrated the utility of tracer methods as a 
tool for research on industrial plating processes. 


8 For further technical details see, Experiments in chromium electrodeposi- 
tion with radioactive chromium, by Fielding Ogburn and Abner Brenner, 


J. Electrochem. Soc. 96, 347 (1949). 
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Chromium plating is widely used to provide a hard 
wear-resistant coating on machine parts and for decora- 
tive purposes on such products as automotive grillwork 
and bathroom fixtures. For commercial plating of 
this kind, the chromic-acid bath, first reported in 1856, 
is at present practically the only chromium-plating 
solution in use. This bath is prepared by dissolving 
chromic acid anhydride (CrO;) and a little sulfuric 
acid in water. Initially, all of the chromium in the 
solution is in the hexavalent state; but when the plating 
current is applied, some trivalent chromium is formed 
by reduction of the hexavalent chromium at the cathode. 
This has led to numerous investigations into the mech- 
anism of the electrodeposition process to determine 
whether the chromium is deposited directly from the 
hexavalent state or through the trivalent form. 


Five chromic-acid plating baths were prepared; a 
small quantity of radioactive trivalent chromium was 
added to two of the baths as chromic chloride (CrCl,), 
and hexavalent chromium was added to the other three 
baths as radioactive chromic acid anhydride (CrO;). 
Chromium deposited from the first two baths was in- 
active. On the other hand, deposits from the baths 
in which the hexavalent chromium was tagged were 
found to be radioactive, and their activities were close 
to those of deposits from a bath containing active 
hexavalent chromium and no trivalent chromium. It 
was thus evident that the metal is deposited from the 
hexavalent rather than the trivalent state. 

The solution of radioactive chromic chloride was 
prepared from small pellets of chromium metal con- 
taining a minute quantity of chromium 51. The pellets 
were weighed and dissolved in hydrochloric acid. 
Excess acid was removed by evaporating to dryness, 
and water was added to the residue. 

Radioactive hexavalent chromium was prepared by 
adding hydrogen peroxide and sodium hydroxide or 
ammonium hydroxide to a portion of the solution of 
active trivalent chromium and heating the mixture on a 
steam bath. When all of the chromium had been 
oxidized to chromate, the solution was evaporated to 
dryness to remove excess ammonium hydroxide and 
hydrogen peroxide. The residue was then dissolved in 
water. 

The deposit from the plating bath was made on brass 
tubes 1 inch in diameter and 10 inches long. Each 
tube was supported vertically inside a cylindrical 
porous cell within a 1-liter beaker. The anode was a 
cylindrical sheet of lead that fitted the inside wall of 
the beaker. The porous cell served to prevent anodic 
oxidation of trivalent chromium during the electrol- 
ysis. Chromium was deposited at a current density of 
about 30 amperes per square decimeter for intervals of 
5 to 7 minutes, and the amount of the deposit was deter- 
mined by weighing the cathode before and after plating. 

Chromium 51 is a soft gamma-ray emitter with a 
half-life of about 26 days. Its radioactivity in the 


The mechanism of chromium plating has been followed 
in the Bureau’s electrodeposition laboratory by tagging 


the plating baths with radioactive chromium 51. Field- 
ing Ogburn adjusts the temperature of the bath from 
which chromium is deposited on a brass-tube cathode. 


Mrs. Lee Couch is placing a Geiger counter into a tube 
on which radioactive chromium 51 has been deposited. 
Counter and tube are kept within the radiation shield of 
lead brick (right) while gamma radiation emitted by the 
deposit is recorded on the scale (center). 


solutions and in the deposits was measured by means 
of a thin-walled glass gamma-ray counter connected 
to a scaler. At the end of the plating process the 
Geiger counter was placed within the brass-cylinder 
cathode and the activity of the deposit counted for 30 
minutes. The tube was then rotated through 180°, and 
counting continued for another 30 minutes. A back- 
ground count was also made with an unplated brass 
tube for the same period of 1 hour and subtracted 
from the count for the plated tube. 

Isotopic exchange frequently takes place between 
different valence states of the same metal. Had it 
occurred in the Bureau’s investigation to any appre- 
ciable extent, it would have resulted in the presence 
of sizable quantities of both active trivalent and active 
hexavalent chromium in the plating bath, regardless 
of which was added. This would have made it im- 
possible to draw any valid conclusions from the experi- 
ment. It was therefore necessary, before performing 
the experiment, to determine the extent to which iso- 
topic exchange takes place between trivalent chromium 
and chromic acid in the plating bath. 

A stock solution containing both trivalent and hexa- 
valent inactive chromium ions in fixed proportions 
was divided into two parts. To one part, active hexa- 
valent chromium was added as chromic acid; to the 
other, active trivalent chromium was added as chro- 
mium chloride. These solutions were kept at 50° C 
for 1 hour, and at intervals 5-milliliter samples were 
taken from each solution. The hexavalent and tri- 
valent chromium in each sample were separated chem- 
ically, and activity of each fraction was measured. 
The activities of the two fractions of each sample 
showed that, at the end of an hour, a small portion 
of the tracer had undergone an isotopic exchange. 
This is not enough, however, to interfere with the 
investigation. 
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Nearly 500 different standard samples of chemicals, 
ores, ceramics, and metals are prepared, certified, and 
distributed by the National Bureau of Standards * to 
analytical and research laboratories for use in con- 
trolling chemical processes and in maintaining the 
accuracy of apparatus and equipment. The standard 
samples are materials that have been carefully ana- 
lyzed, or whose physical properties have been precisely 
determined, at this Bureau and in other laboratories. 
Some are certified for chemical composition; others 
are certified with respect to a specific chemical or 
physical constant. Among these are melting point, 
viscosity, index of refraction, heat of combustion, and 
other properties that are important in scientific research 
and industrial control. 

The NBS program on standard samples has been in 
existence almost since the organization of the Bureau. 
The first standards were prepared in 1905, when the 
American Foundrymen’s Association turned over to 
the Bureau its four sets of standardized pig-iron 
samples. As the analysis and distribution of these 
samples proceeded under the direction of the late Dr. 
W. F. Hillebrand, it was soon apparent that there was 
need for more and more samples, not only of metals, 
but also of ores, chemicals, cements, and numerous 
other materials. Thus a program that was developed 
initially to aid analytical chemistry has been expanded 
to cover a wide range of scientific work. 

New standards are added continuously to meet in- 
creasing requirements, and many of the older samples 
have been renewed several times. In fact, two new 
radioactivity samples are announced in this issue of 
the Bulletin (see pages 1 and 2). Typical, however, 
of standard samples produced to meet urgent and 
exacting demands are the two tin ores, No. 137 and 
138, issued in 1943. At that time, the sources for 
importation of tin had changed entirely with the loss 
of the Pacific areas from which tin had been obtained 
before the war. Consequently Government authorities 
as well as industry were vitally interested in compar- 
ing the quality and composition of available tin ores. 
The Bureau’s standard ores provided the necessary 
basis for the evaluation of these new sources of supply. 

Also during World War II, the need arose for hydro- 
carbons having high purity, particularly in the develop- 
ment of synthetic rubber and aviation fuels. As a 
result, the Petroleum Industry War Council was instru- 
mental in providing the National Bureau of Standards 
with a large number of synthesized and partially puri- 
fied products. These had been prepared at various uni- 
versities as research projects supported by the American 
Petroleum Institute. Within a year, under the coordina- 
tion of Dr. F. D. Rossini, final purification of these ma- 
terials had been made and criteria for purity applied 
so that the Bureau was able to issue its first standard 
samples of hydrocarbons. There are now available 169 
different standard hydrocarbons, some of which are 
certified also for density, refractive index, and heat of 
combustion, in addition to purity. 


*A complete list of NBS standard samples is issued periodically and can be 


Seo. free upon request from the National Bureau of Standards, Washington 
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The first step in the preparation of an NBS standard sample) 
trol of E, A. Baker, in which chips of a special form are cu! 
size by crushing them in a chilled-iron grinder, (upper rig}! 
off-sized chips, thoroughly mixed, and then analyzed, (lowe! 
J. L. Hague is carrying out one step in the analysis, the deter! 
the metal has been established, it is packed, (lower right), 
amount for transfer to the bottles. 


‘cience and Industry 


| 
| 
! 


‘ (center) is a lathe operation, (upper left), under the con- 
| round bar. The cuttings are then broken up into a finer 
ated by H. C. Watkins. The material is next sifted to remove 
at the Bureau and other industrial and research laboratories. 
| of carbon content of the metal. When the composition of 
‘es for distribution. Marjorie Conn is weighing the correct 


This type of cooperation with industry has been and 
continues to be a major factor in the success of stand- 
ard samples; only with such cooperation has the Bureau 
been able to issue the 475 standards now available. 
With the samples of metals and ores, for example, in- 
dustry assists in the selection of materials to be standard- 
ized, provides basis material without cost, and, after 
the Bureau has prepared a homogeneous product in 
suitable form, participates in the extensive analyses that 
are made before issue. H. A. Bright is now responsible 
for the standards program on metals, ores, ceramics, 
and chemicals in addition to the development of meth- 
ods of analysis, special tools and techniques, and the 
coordination and distribution of the data obtained in 
the certification of the standards. 

In general, standard samples are employed to check 
and maintain the accuracy of many instruments such 
as calorimeters for gas and coal tests, polarimeters for 
sugar tests, and pyrometers used in annealing steel. In 
analytical and research work they serve to standardize 
solutions and make possible more rapid and uniform 
testing methods. Standard samples are also used ex- 
tensively to maintain uniformity of a finished product 
so that there will be no misunderstanding between 
buyer and seller as to quality of material. 

During the past year, about 22,000 standard samples 
were issued to users in this country and abroad. 
These samples are put to the widest uses. Standard 
samples of steel guard the quality of the steel industry’s 
output; standard pigments define the colors of paints; 
and hydrocarbons control the complex mixtures that 
go into plastics, synthetic rubber, gasoline for auto- 
mobiles, and fuels for aircraft. 

Standard samples of cement are prepared to enable 
cement manufacturers to standardize their fine-mesh 
sieves and surface area measurements. Calorimetric 
and saccharimetric values are more easily determined 
with the use of the pure chemical, sucrose; and a dex- 
trose sample aids in the determination of reducing 
values of various sugars. The issue of samples of spe- 
cific pH value,’ a unit expressing the degree of acidity 
or alkalinity of aqueous solutions, has aided science 
and industry in obtaining greater accuracy and uni- 
formity in pH measurements. 

In addition to these chemical and physical stand- 
ards, the Bureau distributes a large variety of standards 
of reference. Standard colors for kitchen and bath- 
room accessories help manufacturers maintain colors 
suggested in the Bureau’s Commercial Standards, and 
dyed paper samples find use in standardizing fading 
lamps for determining the light-fastness of textiles and 
similar materials. Thermal-radiation standards in the 
form of electric incandescent lamps are used to cali- 
brate thermopiles, and high-purity benzoic acid in 
sealed glass cells provides a fixed point for the cali- 
bration of precise thermometric instruments. Gloss 
standards have been issued to control the finish of 
paints, paper, and other materials where reflectance 
is critical. Radon, gamma-ray, and beta-ray standards 


5 For further technical details see, Standardization of the pH scale, NBS 
Technical News Bulletin 31, 138 (Dec. 1947). 
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are used to check instruments for detection of these 
radiations. and to further research in this field. 

In the preparation of these samples, many factors 
are involved. For example, in the case of steels used 
as standards for chemical analysis, material in the 
form of round bars is obtained from industry. The bars 
are tested for homogeneity, and if sufficiently uniform 
in composition are cut on a lathe with a specially de- 
signed tool having a serrated cutting-edge. As it is 
not always possible to produce directly on the lathe the 
exact form of chip desired, it is frequently necessary to 
crush or grind the cuttings in order to obtain chips of 
satisfactory form. The material is next sifted, and the 
proper-sized portion (usually that between a No. 16 
and No. 40 sieve) is then used as the standard sample. 
This portion amounts to approximately 1,200 pounds, 
about 80 percent of the original material. After 
thorough mixing, the metal is analyzed by chem- 
ists at the Bureau and by a select group of analysts 


representing producers, consumers, and general inter- 
ests. From the analytical data thus obtained, a cer- 
tificate of composition is prepared and is issued with 
each individual sample. Throughout the preparation, 
storage, analysis, and packaging of these standards, 
it is of course necessary to take the utmost precautions 
to prevent contamination by oil, dust, or other extrane- 
ous material. 

The Bureau’s work in providing analyzed and cer- 
tified samples has attracted widespread attention, be- 
cause of its intrinsic merit in quality control of new 
products and processes in industry and in testing and 
research in laboratories. The result has been the 
cooperation of some of the leading technical societies 
of the country. One of the functions of these organi- 
zations, which include in their membership representa- 
tives of the technical staffs of the leading manufacturers 
of the country, is to suggest future lines of activity in 
the Bureau’s work on standard samples. 


Appointments for Graduate Students at the 
Institute for Numerical Analysis 


Two types of temporary appointments are now being 
offered to properly qualified graduate students in pure 
and applied mathematics by the Institute for Numerical 
Analysis of the National Bureau of Standards, located 
at the University of California at Los Angeles. 


Summer Studentships 


The purpose of the summer studentships is to intro- 
duce promising graduate students in mathematics and 
related fields to the work of the Institute for Numerical 
Analysis through the medium of an intensive program 
of mathematical seminars and courses in the use of 
modern computing equipment, and through active par- 
ticipation in the work of the Institute. The program 
lasts for about 10 weeks during the summer, from the 
middle of June to the end of August. Stipends range 
from $500 to $700. In the summer of 1949 six grad- 
uate students from various parts of the country took 
part in this program. 


Thesis Fellowships 


The purpose of the thesis fellowships is to provide 
the Institute for Numerical Analysis with a limited 
number of talented doctoral candidates whose research 
program, in the opinion of the Director of Research of 
the Institute, is relevant to the work of the Institute. 
A candidate for such a fellowship must have com- 
pleted all residence and language requirements for the 
PhD degree at an accredited university and must ob- 
tain the permission of the university to write the thesis 
in residence at the Institute. Preference is given to a 
candidate who has selected his thesis topic and has 
made some progress on the thesis prior to accepting 
the fellowship. The stipend for a thesis fellowship 
is at present fixed at approximately $2,000 for an 11- 
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month working year, provided that the candidate 
already possesses an MA degree or equivalent experi- 
ence. A thesis fellowship appointment is normally 
for 1 year only, but if circumstances warrant, the 
appointment may be extended for a period not to exceed 
1 additional year. Five thesis fellowships are at 
present assigned by the Bureau to the Institute for 
Numerical Analysis. 

All applicants should clearly understand that the 
central function of the Institute is to perform mathe- 
matical research and exposition pertinent to the effec- 
tive use of automatic digital computing machinery. 
The work of the Institute concerns the development and 
application of the art and science of computing, and no 
attempt is made to conduct a well-rounded, general pro- 
gram of mathematical research and instruction. Appli- 
cants for fellowships must be prepared to accept this 
limitation on the scope of activities of the Institute 
and should in fact have a sincere interest in studying 
or developing modern numerical analysis. 


How To Apply 


Preliminary application must be made to the Director 
of Research of the Institute for Numerical Analysis be- 
fore the first of March preceding the summer or aca- 
demic year for which the fellowship is requested. This 
preliminary application is to consist of 


(a) a letter from the applicant to the Director of 
Research indicating his interests and experience; 

(b) a transcript of the applicant’s undergraduate 
and graduate collegiate record to date; and 

(c) two supporting letters addressed to the Director 
of Research from scientists of established repu- 
tation who are familiar with the work of the 
applicant. 


Appointees will in general be selected on the basis 
of the preliminary applications. The chosen candidates 
will be sent Civil Service Forms 57 to complete, and the 
formalities of appointment will thereafter be those of 


regular Civil Service recruitment. The awards of these 
fellowships will be made on or before April 1. Other 
appointments at the Institute are made through regular 
Civil Service channels. 


Misuse of the Average Deviation 


In the vast majority of scientific studies a measure- 
ment is repeated one or more times. There are two 
important reasons for this. First, the average of a 
series of measurements has a real advantage over an 
individual measurement in that chance or random errors 
are less for an average than for single measurements. 
In an average the random errors tend to cancel out. 
Experience with many types of data confirms the sta- 
tistical theory that the chance error for an average 


of n measurements is but 1/\/n the size of the chance 
error of a single measurement. 

For example, if sixteen measurements are separated 
into four sets of four measurements and the average 
found for each set, then the spread between the smallest 
and largest of the four averages will ordinarily be about 
one-half the spread between the smallest and largest of 
a set of four individual measurements. In other words, 
averages stay within narrower bounds than do the in- 
dividual measurements. 

As the number of measurements increases, the bounds 
of their average draw closer together, and it is the 
experimenter’s belief that they converge upon a value 
that is a property of the system under study. Averages, 
whether based on sets of two measurements or sets of 
many measurements, are dispersed about the same 
point—with correspondingly wide or narrow bounds. 
Of course, if there is some experimental bias or con- 
stant error in the individual measurements, it will be 
carried over into the average and the bounds will con- 
verge upon a point that is displaced from the “true” 
value for the system by that amount. 

The second important reason for repeating a meas- 
urement is that from a series of measurements it is 
possible to estimate the magnitude of chance errors 
arising from the measurement technique. Differences 
among the measurements may be revealed by subtract- 
ing each measurement from the average of all the 
measurements. Some of the differences will be posi- 
tive, and an approximately equal number will usually 
be negative. It is a long established practice in the 
physical sciences to take the average of these differ- 
ences—adding them up without regard to sign and 
dividing by the number of differences. The resulting 
value, labeled the average deviation, is considered to 
be a property of the system under study and, more par- 
ticularly, of the measurement technique. It is reported 


with the idea that another investigator will be able to 
confirm it, just as the average of the measurements 
will be confirmed. Dr. W. J. Youden of the Bureau’s 
Statistical Engineering Laboratory has pointed out, 
however, that the average deviation lacks the important 
property, possessed by the average, of being inde- 
pendent of the number of measurements. Thus, if a 
lengthy series of measurements is taken by pairs and 
the average deviation computed in turn from each pair, 
a number of estimates of the average deviation will be 
obtained. If, however, the same series had been sub- 
divided into sets of ten and the average deviation com- 
puted from these sets, a number of other estimates 
would be obtained. The latter set of estimates will 
average one-third greater than those derived from. the 
pairs, a fact that is apparently overlooked by nearly 
every experimenter who makes use of the average devia- 
tion. Which is right? Is either a property of the 
system? Even the estimate derived from the sets of 
ten is but 95 percent as large as that which would be 
found for very large sets. In other words, for a given 
technique the estimate of the average deviation found 
will depend on the number of measurements—an un- 
satisfactory state of affairs. 

In a certain precision study published in the Na- 
tional Bureau of Standards’ Journal of Research, ten 
sets of four measurements were made on ten similar 
systems (see table below). 

The average of these ten estimates of the average 
deviation is 2.0875, but if each set of four is divided 
into two pairs the average of the average deviations 
for the 20 pairs turns out to be 1.675. Statistical 
theory provides an exact value for the expected ratio 
of an average deviation based on a set of four to one 
based onapair. The theoretical ratio is 1.225, whereas 
for the experimental data above the ratio is 1.246. Both 
theory and practice agree that the way to make measure- 
ments appear more precise is to compute the aver- 
age deviation from small sets because small sets give 
misleadingly low estimates of the average deviation. 

Imagine a large collection of measurements (nor- 
mally distributed) such that the average deviation, 
when computed from very large sets, is unity. Then 
the following table shows in the second column the ex- 
pected average deviation from small sets (see table on 


next page). 
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It is immediately evident that average deviations 
computed from small sets are less than the true value. 
It is improper to use the average deviation as a measure 
of the precision of the measurements unless it is multi- 
plied by an appropriate factor (the reciprocal of the 
values in the second column) determined by the size 
of the set. 

The need for this adjustment in estimating the prob- 
able error of a single measurement from the sum 
without regard to sign of the deviations from the 
arithmetic mean of n independent measurements was 
first noted by C. F. Peters in 1856 (Astron. Nachr. 
44, No. 1034). He pointed out that the sum of the 
deviations should be divided by \/n(n—1), which is 
equivalent to multiplying the average deviation by 
\V/n/(n—1). Peters’ formula, however, is generally 
given in manuals on the theory of errors in a form 
appropriate to estimating the probable error of the 
arithmetic mean of n measurements. In this form 
the full divisor of the sum of the deviations is 
\/n:\/n(n—1) =nvV/n-1, calling for division of the 


average deviation by \/n—1 only. In consequence, 


the appearance of the mysterious “n—1” has become 
associated in many minds with the transition from 
estimating the precision of a single measurement to 
estimating the precision of the mean of n measure- 
ments. Actually the need for the n—1 arises in the 
first stage of the procedure: the unbiased estimation 
of the true average deviation of the measurement 
process. 

There is, however, a measure of the precision, called 
the variance, which does not require adjustment. The 
formula used as an estimator of the variance is 


Sum (% Je 
ne 
where x stands for the individual measurement and x 
is their average. If this formula is used on a collec- 
tion of data such as the above (true average deviation 
equal to unity) then, regardless of whether sets of 2, 20, 
200, or infinity are used, the expected average of the 
estimates of the variance will be 7/2.° It is a highly 
desirable property of a measure of precision that the 
estimates obtained depend on the data alone and not 
on how many replicates are used in obtaining the 
estimate. 

It is quite common in published work to find average 
deviations, based on duplicates, triplicates, and longer 
series, listed as giving some idea of the precision of 
the individual measurements. Few experimenters real- 
ize that the average deviations based on sets of different 
sizes are not comparable or indeed that all sets of 
finite size underestimate the magnitude of this measure 
of the precision. The variance, or square of the stand- 
ard deviation, is completely free of these serious limita- 
tions of the average deviation—limitations that are a 
heavy price to pay for a measure of precision that has 
as its only asset its ease of computation. 


6 Assuming a normal distribution. The variance, o”, of a normal distribution is 
a/2 times the square of the average deviation as determined from an infinite 
sample. For other distributions different factors, characteristics of the distribu- 
tions, are required. 


Purification and Modifications of Collagen 


One of the most important industrial proteins is 
collagen, which, upon treatment with tannins or cer- 
tain inorganic salts, is converted into leather. How- 
ever, a complete knowledge of the chemistry of both 
collagen and leather has never been available, although 
the process of tanning has been used for centuries. 
In order to obtain fundamental data on the nature of 
leather and its parent substance, collagen, James M. 
Cassel and Joseph R. Kanagy of the Bureau’s leather 
laboratory are engaged in a comprehensive investiga- 
tion of these substances.” From collagen as a starting 
point, this investigation will branch out into modified 
forms of the protein, that is, heat denatured, shrunken, 
and tanned. Preliminary to this, however, it is neces- 
sary to obtain collagen of as high purity as possible. 


7¥For further technical details see Studies on the purification of collagen, 
by James M. Cassel and Joseph R. Kanagy, J. Research NBS 42, 557 (1949) 
RP1992; also, Electrophoresis of modified collagen, by James M. Cassel and 
Joseph R. Kanagy, J. Research NBS 43, 29 (1949) RP2001. 
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The problem of preparing pure collagen is one of 
considerable complexity. Cattle hides, which are com- 
posed principally of collagen and water, also contain 
small amounts of inorganic salts, fats, and other pro- 
teins, all of which should be removed in any satisfac- 
tory purification process. The problem then is to effect 
a separation of these materials with the least possible 
alteration of the chemical structure of collagen. 

The difficulty is accentuated by the fact that there 
are no criteria for adequately determining the purity 
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Relation of collagen to other materials in the corium. 


of collagen. This was estimated in the Bureau’s leather 
laboratory by ash determinations, total nitrogen and 
amide nitrogen measurements, acid and base binding 
values, and electrophoretic studies. 

In the purification process, the epidermal area of the 
hide is first mechanically split off. The corium that 
remains is then extracted with alcohol and acetone to 
remove fats and treated with one or more of the fol- 
lowing solutions to remove other proteins: Dilute so- 
dium chloride solution, trypsin solution, and calcium 
hydroxide solution. Finally, the product is thoroughly 
washed with distilled water to remove inorganic salts. 

In addition to preparing purified collagen in this 
manner, the hair of one portion of a hide was removed 
by prolonged treatment in dilute sodium chloride solu- 
tion, and this portion of hide was subdivided. Col- 
lagens were then prepared by applying various combina- 
tions of the treatments outlined above. In this manner, 
effects of the individual treatments were ascertained. 

Treatment with trypsin solution did not impair the 
surface characteristics of collagen; however, this enzy- 
matic treatment did appear to open up the structure 
so that a succeeding extraction with calcium hydroxide 
solution led to breakdown of the collagen. When treat- 
ment with dilute sodium chloride solution was followed 
by treatment with the trypsin solution, serious degrada- 
tion of the collagen occurred. This degradation was 
particularly evident from the amide nitrogen data and 
from the electrophoretic results. In view of the fact 
that the main portion of elastin may be removed me- 
chanically by splitting off the epidermal area of a hide 
while sodium chloride solution will remove the bulk 
of extraneous material without damage to collagen, 
treatment with sodium chloride solution is recom- 
mended in preference to treatment with trypsin. 

This work indicated that a specification for purified 
collagen would be of value in obtaining more nearly 
uniform purified collagen products for research pur- 
poses. Accordingly, the following requirements have 
been proposed: Ash content, less than 0.1 percent; the 
pH of a water extract between 6 and 7; the isoelectric 
point in a phosphate-buffered medium between pH 6 
and pH 7.5; total nitrogen between 17.8 and 18.1 per- 
cent; and amide nitrogen not less than 3.8 percent, cal- 
culated on the basis of total nitrogen. 

In some instances it may be desirable to have collagen 
of extremely low ash content. A material of this sort 
was obtained by leaching the previously purified col- 
lagen with frequent changes of distilled water and then 
ejecting the leach water by pressing at 5,000 pounds 
per square inch in a Carver press. The product was 
considered as free of inorganic salts as this technique 
would permit when, after 4 days of contact with dis- 
tilled water, the conductivity of the extract was only 
three times that of distilled water. Spectrographic 
analysis of the dried collagen revealed 50 parts per 
million of copper and of iron, 20 parts of lead and of 
calcium, and 10 parts of tin and of chromium. 

Studies of collagen that had been deliberately modi- 
fied were made by using an electrophoretic technique 
in which the mobilities of small particles of proteins 


Separate preliminary treatments were applied to four dif- 
ferent portions of hide (A, B, C, and D) in order to 
study the specific effect on collagen of each treatment. 
Further purification of all specimens was then carried 
out according to the following scheme: acetone, alcohol, 
lime solution, acetic acid, water, alcohol, and ethyl ether. 


are observed at constant ionic strength and varying pH. 
The velocity of the particles is measured over a known 
distance by using a calibrated micrometer eye piece 
of the cross-hatched variety and a stop watch. From 
a plot of pH versus mobility, the isoelectric point (the 
pH at which particles exhibit zero mobility) of a mate- 
rial is determined. The location on the pH scale of 
the isoelectric point of a protein is a function mainly 
of the amino and carboxyl groups that are free to 
ionize. Any inactivation of either group will be evi- 
denced by a change in the isoelectric point of the 
sample. 

A major portion of the research on leather has been 
concerned with its surface characteristics. Assuming 
that tanning is to some extent a reaction or series of 
reactions that modify the surface of collagen, tanned 
collagen should behave in a manner electrophoretically 
different from the parent pure collagen. Collagen 
tanned with formaldehyde, vegetable tannin, and basic 
chromium sulfate was studied. In addition, the effects 
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Fundamental data concerning the surface characteristics 
of collagen, the parent substance of leather, are revealed 
by means of the electrophoresis cell. The cell is of value 
in determining the extent to which collagen has been 
modified by various treatments, and thus is being used 
to investigate the mechanism of leather tanning. 
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on purified collagen of heating, water shrinking, deam- 
inizing, and grinding in a ball mill were followed. 
The effect of a particular treatment was judged by the 
shift observed in isoelectric point. 

A shift to a more acid isoelectric point was observed 
on vegetable, chrome, and formaldehyde tanning; the 
first produced the greatest change in isoelectric point. 
Since the observed shift in isoelectric point was to a 
more acid pH, the tanning action of these materials 
would seem to involve the amino groups of the collagen. 


Deaminization of collagen produced a change in iso- 
electric point in the same direction and equal in magni- 
tude to that obtained by formaldehyde tanning. 
Shrunken collagen and heat-treated collagen exhibited 
surfaces similar to that expected of gelatin, a substance 
derived from collagen by prolonged treatment in boil- 
ing water or by treatment with acid or base at high 
temperature. The grinding action of the ball mill was 
the only type of treatment studied that produced a more 
basic material, that is, raised the isoelectric pH. 
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